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ABSTRACT 

Results of phylogenetic analysis are frequently used to investigate the pattern of evolution of characteristics of interest. In 
examples such as the evolution of spider webs, the number ofhoms on a rlunoceros or social behavior in halictinc bees, the 
results of phylogenetic tests may lead to traditional views being overturned However, conclusions based upon phylogenetic 
analyses of evolutionary pattern require careful consideration of character coding and taxonomic sampling as indicated by 
studies of rhinos and HIV respectively Phylogenetic results arc less often used to direct further research, an area of their 
application which remains underutilized hi this paper I concentrate on die application of phylogenetics to problems of social 
evolution in halietine bees. There are seven genera/subgenera that are known to contain both solitary and social species and at 
least 9 species which exhibit behavioral polymorphism With both solitary behavior and eusociality found Within die same or 
different populations. A priori, these Laxa would seem to be the best ones to use in tests of the selective advantages of 
eusociality However, results of phylogenetic analysis indicate that in die majority of cases {Halictus, Seladoma. 
Augochlorella and Augochlord) iL is solitary behavior that is the recent evolutionary innovation and eusociality is ancestral. 
Use of the non-phylogenetic approach to the comparative method in each of these instances would not provide information on 
origins of eusociality. In contrast, eusociality appears to be derived ui bolh the subgenera Lasiaglossnm (in the species L 
aegyptiefium lor which die limited field-collected dam arc presented for the first time) and Evylaeus. Overall, of the nine 
species for which bolh eusociality and soli tan behavior have been recorded, solitary' behavior is the recent acquisition in at 
least 6 cases, and the only probable case of recent ongm of eusociality exhibited by behaviorally polymorphic species 
(Lasioghssum (Evylaeus) c&magemme and L. (E.) fratelhm) refers to origin of delayed eusociality The application of 
phylogenetic methods to the study of evolutionary pattern suggests both which taxa are deserving of further field work and 
which require additional phylogenetic analysis. 


RESUME 

L'mteret de la system a tique phylogenetique pour la biologic : quelques exerapies issus de la biologie medicale et 
reco-ethotogie 

Les resultats des analyses phylogendtiques sont Irdquemment utilises pour inferer leS sequences devolution de caracteres 
d'intdrdt particulier. nan's des examples Lels que revolution des lodes daraignees, du nomtare des comes de rhinoceros, ou du 
comportemenl social des abeilles halictes, les results des tests phylogen&iques peuvent conduce £ re fitter des schemas 
traditionnels devolution. Cependant, les conclusions basees stir I'Sjialyse phylogenetique des sequences evolutive® soul 
dependantes du codase des eaxacteres et dun echantillonnage laxononiique suthsanL comme cela est montr£ a propos des 
etudes concemant les rhinoceros et le vims HFV. Les r^sultats phylogenetiques peuvent etre aussi utilises pour orienter de 
futures recherches, ce qui constitue un domarne de recherche encore trop pen explore Cette article conceme principalemont 
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Implication de la svstematique phylogenetique aux problemes devolution socialc chez les Abeilles Halic-tes. II y a sept 
gcnres/sous-gertres qui sonl connus pour regrouper non settlement des especes solitaires el des especes soeiales mais aussi au 
moiiis tieuf especes dont le polvmorphisme comporlcniental englobe des comportements solitaires et eusociaux tiou\es dans 
les memes populations ou dans des populations diffe rentes A priori, ces taxa devraient done parfaitement CQltvenir au test des 
avantages que confererait I'eitsocialile en regard de la selection nahuelle. Cependant, les resultals de I’analyse phylogenetique 
indiquent que dans la majorite des cas (Halictus. Ssladomo, Augochlorelia et Augochlora), e'est le comportement solitaire qui 
est l'innovation evolutive et 1’eusocialite qui est ancestrale. Dans chacun de ces cas, une approclie non-phylogenetique de 
biologie comparative n’aurait pas foumi d'mformation sur les engines de 1’eusocialite. L'approehe phylogenetique indique que 
1'eusocialite esl denvee a la fois dans deux des sous-genres de Lasioglossum (chez 1’espece L. aegyptiellum pour qui des 
donnees de terrain sonl presentees ici pour la premiere fois) et dans le genre Evylaeus. Globalenient, des neufs especes chez 
qui 1'eusocialite et le comportement solitaire out etc tous deux rapportds, le comportement solitaire esl ^acquisition recenle 
dans au moms six cas Le seul cas probable d'origine receute de 1'eusocialite chez des especes au comportement 
polymorphique (Jjisioglossum (Evylaeus) comagenense et L. (E.) frateUium) conceme mic origine de 1'eusocialite differcc 
L’application de la methode phy logenetique a l'etude de revolution permet de determiner a la fois quels taxa requierent des 
etudes de terrain et quels taxa necessitenl des etudes phvlogenetiques supplementaircs. 


INTRODUCTION 

In this paper I wish to explore the utility of phylogenetic systematics in providing answers 
to two questions: i) what are we studying? and ii) what should we be studying? It may seem that 
answers to these questions are self evident - surely we always know what it is that we are 
investigating and are always confident that this is indeed what we should be studying. However, 
recent reanalyses indicate that the confidence with which we approach our studies is often 
misplaced. 

What are we studying? 

When biologists make comparisons of some feature of interest which varies between taxa 
we generally rely upon “common sense” arguments as to the adaptive value of the differences we 
observe. Species A has some condition which is a result of adaptation to its environment whereas 
species B has some other state which is similarly adaptive. We study how both characteristics 
function in their respective species/environments and understand both states to be adaptive. 
However, the minimal requirement for a characteristic to be considered to be an adaptation is 
that it is a derived feature (CoDDrNGTON, 1988, 1995, Grandcolas et a /., 1994; Carpenter, 
1997, this volume) In comparing states between the species one of them is likely ancestral to the 
other. It is the evolutionary change between states that represents the results of selection and 
hence provides evidence for adaptation. Consequently, we need to know the polarity of 
evolutionary change between character states; only then will we know what the direction of 
evolutionary' change in the character of interest has been' i.e only then will we really know what 
it is that we are studying, 

Results of phylogenetic analysis indicate that common sense approaches to polarity are 
often wrong. For example, consider spider webs of the cob and orb varieties. It is common sense 
to suggest that the rather untidy cobwebs made by some spiders served as an antecedent to orb 
webs, after all, they are apparently simpler in design and are constructed in places where it seems 
easier for spiders to negotiate web building. However, phylogenetic analysis demonstrates the 
reverse to be true; the orb web is ancestral to cobwebs with the latter arising several times 
independently in different spider lineages (Coddington, 1988), Thus, in comparing cob and orb 
webs we would be answering questions about the selective advantage of cob versus orb webs 
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whereas the common sense, non-phylogenetic, approach suggests we would be looking at the 
converse - the benefits of orb over cob webs 

Another classic example, the evolution of horn number in rhinoceroses, has recently 
become more complex and illustrates the importance of careful character coding (DELEPQRTE, 
1993). A “common sense” argument is that as i) the protorhino condition would have zero as the 
number ot horns along the mid line of the head and ii) rhinos come with one or two horns, then 
the evolution of horn number must have followed the mathematically simple sequence of 0, to 1, 
to 2. However, a morphological phytogeny (Groves, 1983) indicated unambiguously that one 
homed rhinos have evolved from 2 homed ancestors (CODDINGTON, 1988). Conversely, a recent 
molecular phylogeny (Morales & Melntck, 1994) is consistent with the 0 to 1 to 2 scenario in 
that one-homed rhinos form the first branch in the ingroup. Combined data in a total evidence 
analysis (PACKER, unpublished) leads to various possible interpretations of evolutionary change 
in this character depending upon how horn number is coded, if treated as an ordered character 
then there are two equally parsimonious resolutions of horn number evolution: i) from 0 to 2 
(through 1) in the common ancestor, with a reduction to one horn in Rhinoceros (Fig. I A) or ii) 
from 0 to 1 in the ancestor followed by a change from 1 to 2 horns on two separate occasions 
(Fig. IB). As an unordered character, 0 to 2 to 1 is the single most parsimonious result (Fig. 

1 A). This illustrates the problems that can arise as a result of alternative coding methods for the 
characteristics of interest, a point that will be returned to later, However inclusion of fossil 
genera demonstrates dearly that among extant rhinoceros, loss of the frontal horn has occurred 
and so the polarity of change in horn number among extant rhinos is indeed ffom 2 to 1 
(Packer, unpublished). 




A B 


Fie. I — Evolution of liom number in extan: rhinoceros. A: If treated as an unordered character then two evolutionary 
changes are required - trom 0 to 2 in the ancestor and from 2 to i m Rhinoceros. If treated as an ordered character, 
then three changes are required, troni 0 to 2 (through I) in tire common ancestor and from 2 to 1 in Rhinoceros or B: 
from U to 1 in the ancestor with two independent derivations of the second hom 


In much of modern evolutionary biology “common sense” is replaced by more complex 
models based upon population genetics or evolutionary ecology. However, scenarios predicted 
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by these sophisticated approaches can also be shown to be false using phylogenetic methods 
(Andersen, 1997, this volume). 

Although these examples stand out because their conclusions are counterintuitive, it is 
precisely this point that I wish to make - in the absence of a phylogenetic test of some a prion 
notion, one is likely to make mistakes by relying upon common sense biological “knowledge” 
These mistakes may lead to researchers spending a considerable amount of time (and money) 
asking the wrong question; a research program aimed at answering the question “what selection 
pressures caused the evolution of orb webs from cob webs?” would, at best, be doomed to 
inadequacy from the outset. For excellent accounts of the use of phylogenetic approaches and 
definitions and tests of adaptation see Grandcolas et al. (1994) and CoDDiNGTON (1995) 

What should we be studying? 

Whereas mapping characters onto a phylogeny to verify or refute a scenario is becoming de 
rigeur in evolutionary biology (see most of the papers in this volume), the use of a cladogram to 
direct future research seems underutilized. Not only does phylogenetic analysis permit us to 
know the polarity of evolutionary change between character states, it also locates the position of 
the transition between states on the phylogeny. Clearly, comparisons of taxa on either side and in 
close proximity to this juncture are most likely to provide clues as to causation. These are the 
organisms that we should be studying; the comparisons that can most fruitfully be made. 

The trouble is that our information is rarely complete Phylogenetic studies of 
characteristics of interest usually cannot include all taxa because not all species are known for the 
traits of interest, phylogenetic information is incomplete, or both. There are several ways to 
overcome these limitations 

It may be possible to make an educated guess as to the state of some character of interest if 
a species is unknown behaviorally or ecologically but its position phylogenetically is known. For 
example. Brooks et al. (1992) used phylogenetic analysis as a guide to field research and as a 
result discovered the breeding site of Etheostoma wapiti , an endangered fish species whose 
habitat requirements were not known It is probable that discovery of the breeding site 
requirements of this species would have been delayed if it weren't for the application of 
phylogenetics to this problem Thus, phylogenetic results can be used to guide field work. 

.Another approach is to produce a phylogeny for those species for which data of interest are 
available. With a phylogeny based upon a restricted sample of taxa it is still possible to trace the 
approximate position of a character state change of interest. Further systematic research can then 
add taxa to the phylogeny, concentrating upon those species thought to lie close to the transition 
point in the phylogeny The results of this second phylogenetic iteration may then be used as a 
guide to which species should be the subjects of field research This procedure greatly simplifies 
the problem of phylogenetic reconstruction, especially for speciose groups, although there is 
some potential for loss of accuracy when large proportions of a group are left out of a 
phylogenetic analysis A more insidious cause of potential error with this approach is biased 
sampling of taxa Consider some character state to be of great interest in comparison to the 
alternative condition: it is more likely that information on species possessing the interesting 
condition will be reported than data on the absence of the feature of interest Species within 
higher level taxonomic groups will then have an unrealistic preponderance of the interesting 
condition and the results of mapping character traits onto the phylogeny will be biased in favor of 
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optimizing the interesting character state as ancestral. I will return later to an example of this in 
bees, but will first turn to a medical example. 

The Evolution of HIV 

I will illustrate my point with reference to the evolution of HIV both because of the clear 
alternatives suggested by a phylogenetic approach and because it does serve as a great example 
for use in the classroom - never will a class being taught the rudiments of phylogenetic 
methodology be so attentive as when the evolution of HIV is being considered 

The classic story, that may be read in medical texts, is that HIV1 and HIV2 spread from 
non-human primates into the human population in Africa at some comparatively recent point in 
time and that they did this independently of each other yet more or less simultaneously (e.g. 
Myers et at 1993), this pattern is referred to as the simian hypothesis. Figure 2A shows a 
phylogeny consistent with dual transfer to humans. The assumption that this disease is recent in 
humans is supported by the classic epidemiological dogma that diseases evolve from levels of 
high virulence to more benign relationships with their hosts. The high virulence of HIV (HIV! at 
least) is taken by many as being the result of relatively recent introduction of the virus into 
human populations by cross-species infection. Combine several a priori notions into one logical 
argument and it is not likely that one will meet much opposition. Fortunately, some researchers 
step aside from these assumptions and test the logical bases upon which they rest. Here I will 
concentrate upon the potential role that different taxonomic sampling protocols may have played 
in this story. For details concerning the history of other criticisms of the standard dogma over 
HIV see GRMEK (1 990). 

MlNDELL et al (1995) have published a phylogenetic analysis of immunodeficiency viruses 
based upon sequence data (Fig. 2B). The most parsimonious mapping of hosts onto the viral 
phylogeny suggests that the common ancestor of HIV1 and H1V2 was a vims that infected 
human beings and that, in addition to an initial colonization event into humans, there have been 
multiple independent interspecies transfers from human beings to other primates This suggests 
that HIV has had humans as hosts for at least several hundred years and that something other 
than a recent transfer into the human population is responsible for the extreme virulence of HIV I 
(EWALD, 1994, MASSAD, 1996). 

It is evident that analyses that leave out much of the diversity found within HIV I and HI V2 
are likely to bias the results in favor of the simian hypothesis. MlNDELL et al. (1995) took into 
consideration a great diversity of HIV and SIV lineages in comparison to previous analyses (e.g. 
Myers et al ., 1993) If one were to remove all but one of the HTV1 strains and all but two of the 
HIV2 strains from Figure 2B, using the same phylogenetic mapping logic, one would conclude 
that the common ancestor of HIV1 and H1V2 did indeed occur in a non-human primate and the 
simian hypothesis would thereby gamer support simply as a result of biased sampling! This is 
precisely the taxon sampling protocol used by MYERS et al (1993). 

The currently available analyses do not suggest that a stable phylogenetic pattern for 
HIV/SIV evolution and evolutionary changes in host use has not been attained by HIV 
researchers Nonetheless, it is clear that when a wide range of taxa are available, choice among 
them will influence the phylogenetic results obtained. 
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p lG 2 ,_Two scenarios for the evolution of host association for primate immunodeficiency viruses. Fale grey patterns 

represent non-human primates as hosts, black ones refer to human hosts, dark grey ones represent teline 
immunodeficiency virus and dashed patterns represents ambiguous resolution A: the simian hypothesis is supported 
by Myers et al (1993) who used only two strains of HTV2 and one of HIV 1 in their analysis, B; a human ancestral 
host, a more ancient ancestry and multiple infection into non-human primates are suggested by M indell et al {] 9 )5 }. 
Note Qiat in both phytogenies different non-human primate hosts are not differentiated in cladogram shading. 
Phytogenies redrawn from both sources 


THE EVOLUTION OF SOCIAL BEHAVIOR IN HALICTINE BEES 

Eusociality involves a reproductive division of labor between generations, archetypally 
between a mother queen and her worker daughters (WILSON, 1971; MlCHENER, 1974). Among 
the Hymenoptera it is found in ants, vespid and sphecid wasps and various groups of bees 

There have been many theoretical treatments aimed at explaining the origins of worker 
sterility (partial or complete) of which the kin selection (or haplodiploidy) hypothesis has 
received the most attention, A fundamental prediction of this hypothesis is that female nestmate 
relatedness be high. But, most analyses indicate this not to be the case (GadagkaR, 1991). 
However, the vast majority of tests have concerned ants and vespine wasps, taxa which have 
been eusocial since the Cretaceous (BRANDAO et ai , 1989; WENZEL, 1990). Testing a hypothesis 
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of origins of eusociality with these organisms is then somewhat too late, approximately 100 
million generations too late, Consequently, it has been stated that halictine bees are more suitable 
candidates for testing hypotheses of eusocial origins (PACKER, 1991; Packer & OWEN, 1994), 
One reason for this is that all halictines exhibit primitive eusociality (i.e. they lack a marked 
morphological disparity between the castes) and with few exceptions (PLATEAUX-Quenu, 1959, 
Sakagami & PACKER, 1994), their societies are annual. Another reason for such optimism is the 
spotty taxonomic distribution of eusociality among the Halictinae. Not only are there seven 
genera/subgenera that contain both solitary and eusocial species (Table 1), there are at least 9 
species which are known to have both solitary and social behavior as a behavioral polymorphism 


Tablk L — Genera and subgenera of halictines which contain solitary and eusocial species. Species which are both eusocial 
and solitary are listed under both categories. Data Coin a variety of sources including Y.vnega (1997) and Mourf 
Hurd( 1987). 


Genus ! subgeftus 

solitary 

Number of species 
eusocial 

unstudied 

liaiictus 

4 

11 

80 

Set adorn a 

3 

8 

>30 

Lasioghssum 

6 

1 

>60 

Evylaeus 

5 

11 

>60 

■DialIctus 

many 

many 

100s 

A ugocfcloreUa 

1 

3 

13 


Cable 2 — List of halictine species known lo e\hibit behavioral polymorphism either in the same, or different population * 
delayed eusociality and the normal annual eusocial colonies have both been reported eusociality known only as 
delayed eusociality 


Halict us rub i cun di is 

different 

Selado n ia cotifusus 

same 

Setadan i a tmmt (arum 

same? 

Evylaeus calce at urn* 

different 

E. alkipes* 

different 

E.fratelluw** 

same 

E, comageriense** 

same 

Di al i ctus pro b I email cum * * 

same 

Augachlarella striata 

same 


Yanega (1997): Eickwort et at . (in press) 
Tuckermav (pcrs, com,) 

Stockiiert (1933); Sakagami & Ermkr (1979) 
Sakagami & Mijnakata (1972) 

Pi .ateaUx-Qi u mi • (1993) 

von der HErDE (1992): Field (1996) 

Packer (unpubl obs.) 

Sakagami & Packer (1994) 

Packer (1991) 


(Table 2) By behavioral polymorphism 1 refer to a situation in which more than one type of 
behavior is routinely found within the species/population under normal conditions, it does not 
refer to a situation in which accidents of mortality cause a change in social structure (for 
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example, if occasional early worker mortality leaves a foundress with no option but to act as a 
solitary female). If a population exhibits some eusocial colonies but there is a large proportion of 
foundresses that produce a brood with females none of which work then that would be 
considered an example of behavioral polymorphism. Similarly if a species has populations that 
are social and others that are solitary it would also be considered to be socially polymorphic. It 
should be noted that in no cases have these polymorphisms been unambiguously determined as 
having a genetic basis, although in one case bees from solitary and eusocial populations have 
been shown to retain their behavioral differences when reared under identical conditions 
(Plateaux-Quenu et al , submitted). 

Arguments for both the frequency and recency of eusocial origins in the Halictinae rest on 
the assumption that in each (or at least most) of the examples of intraspecific behavioral 
polymorphism or behavioral variation within a genus/subgenus, it is eusociality that is the derived 
condition. But for each variable taxon this common sense approach to evolutionary polarity is a 
hypothesis that requires testing 

Below 1 will outline what we know of halictine phylogeny for each of the groups that are 
behaviorally variable. In all cases our knowledge is doubly incomplete - no single genus or 
subgenus has been subjected to a thorough phylogenetic analysis involving all species and for 
none of them is the behavior of all species known (Table 1). Given the large number of species in 
each genus/subgenus, it is doubtful that either of these areas of inquiry will be completed for any 
taxon in the near future. Nonetheless, phylogenetic analysis can be useful in determining which 
taxa are likely to be most suitable for further study both in the field and phylogenetically. 

Methods 

I have obtained phylogenies from the literature or from my own studies. Wherever the 
example illustrates a point of general procedural interest, this is noted in the subheading. 

All phylogenies were either verified or obtained using Hennig86 and whenever multiple 
equally parsimonious trees resulted, successive approximations character weighting (CARPENTER, 
1988) was invoked. Inclusion of the social behavioral data in the matrix used to produce the 
phylogenies is not recommended in all but one case because of the difficulties associated with 
including polymorphic attributes (GRANDCOLAS el al , 1994; DELEPORTE, 1993) in such 
analyses, especially when one might want to code behavioral polymorphism as an intermediate 
stage between solitary and social behavior (as would seem logical). 

The examples 

Total evidence and character coding in Halictus and Seladonia. Pesenko (] 985) provided 
a morphology-based phylogeny of species groups (as named subgenera) of Halictus and 
RiCIiARDS (1994) used ailozyme electrophoresis to construct a phylogeny of many of the 
behaviorally known species in the subgenus and also some species of the subgenus Seladonia 
The former analysis is more complete in terms of the number of taxa included although it is now 
suspected that Seladonia (and Yestitohalictus) should be included within the ingroup (Halictus) 
rather than among the outgroups (PESENKO, personal communication) Clearly, behavioral data 
are not available for all of the included species and not even all of the species groups that 
PESENKO (1985) defines. Nonetheless, mapping behavioral traits (Fig. 3) onto the phylogeny 
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yields the conclusion that social behavior is ancestral and solitary behavior has arisen 
independently at least three times (Packer, 1986). 

The electrophoretic data of RICHARDS (1994) yielded two subsets of equally parsimonious 
trees and in both sets it is more parsimonious to treat eusociality as ancestral with solitary 
behavior and social behavioral polymorphism as being derived character states. 


parallels 
farinosus 
rubicundus 
quadricinctus 
iatisignatus 
tsingtsouensis 
pataUatus 
macufatus 
iigatus 

cQchlearitarsis 
futvipes 
resurgens 

sexcinctus 

Fig. 3 - Mapping behavioral characters onto a phytogeny for Malians provided by Pesenko r 1985) suggests eusociality to be 
ancestral with multiple independent origins of solitary behavior (from Packer, 1986), Pale grey patterns refer to 
solitary behavior, chirk grey oneti represent behavioral polymorphism and black bars indicate eusociality, dashed 
patterns represents ambiguity'. Polymorphism coded as a third state in an nnordered transformation series 



I have combined these data sets and added morphological data on Seladonia to produce a 
very preliminary “total evidence 1 ' phylogeny for the group. In the analyses presented below, the 
electrophoretic variables were considered as unordered and the morphological ones were ordered 
where possible. A smaller morphological data set than presented by Pesenko is used here as I 
have included only those characters whose polarity can be determined without reference to 
Seladonia as an outgroup and where character states for this subgenus could be homologized 
readily with those of Malic ms, I have taken advantage of some more recent behavioral research 
(Ejckwort et al., 1996; Tuckerman, personal communication) in assigning behavioral 
character states to terminals. 

The results provided here are dearly far from complete even in terms of the representation 
of socially known species Nonetheless, they do indicate the importance that choice among 
alternative coding schemes may have upon deduced evolutionary scenarios Twelve equally 
parsimonious trees resulted from the analysis of the raw data matrix, each had a length of 159, a 
Cl of 0 81 and RJ of 0. 77 One round of successive approximations character weighting led to 
one tree, the various statistics of which stabilized. This tree retains both subgenera Seladonia and 
Halictus as monophyletic groups. 

Three coding methods were employed for the social behavior data: i) treating 
polymorphism as a third character state in an ordered transformation series ii) treating 
polymorphisms as a third character state in an unordered transformation series and iii) treating 
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polymorphic species as having eusociality. These three coding protocols suggest different 
phylogenetic patterns for social evolution When polymorphism is treated as an ordered 
intermediary character state social polymorphism is optimized as ancestral for Halichts + 
Seladonia and from this, solitary behavior is lost two or three times and eusociality is lost twice 
(Fig. 4A) When treated as an unordered three state character with polymorphism as the third 
state there is still substantial ambiguity (Fig, 4B). If the presence of eusociality is coded whether 
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Fig, 4 


- e scenarios for social evolution in Halictus and Seladonia combined with phytogenies based upon a combined 
data matrix I rom PhsBNKo (1985) and Richards (1994). Pesrnkq's characters 1-6, 8-11, 17-23. 25-28, 35, 37 and 38 
vvere included in the analysis with all multi-state characters coded as ordered except I. 20 and 37 Note that 
Agapostemon is listed as the outgroup as this was the taxon used as such in die electrophoretic study a much wider 
range oi taxa were used to polarise the ingroup characters for the morphological analysts A: Behavior optimized with 
polymorphism as a third, intermediary; state. B: polymorphism treated as a third state in an unordered character 
. po ymorpmsm treated as presence ol eusociality , For explanation ofeladogram shading see legend to figure 3. 


Source: MNHN. Pans 
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polymorphic or not, then eusociality is ancestral with reversal to solitary behavior occurring at 
least twice (Fig. 4C). 

The genus Lasioglosgum. Lasioglossum aegyptiellum (Fig 5) has been recorded as being 
eusociai based upon one nest excavated by Knerer. I have had the opportunity to inspect the 
preserved contents of this nest, although Knerf.r’s original field notes and dissection data have 
been lost The nest was excavated on August 1st, 1977 in the Camargue region of France Five 
adults were found within the nest (Table 3), all had well worn wings and mandibles although the 
largest individual had much the greatest amount of mandibular wear and, based upon the 



Fio. 5, — Habitus drawing of female iMtaglossnm aeg\*ptit j llunL Lhe speaes for which recall evolution of eusociality seems 
most readily documemable 


coloration of the wings, is the oldest individual among them, this individual is probably the 
queen. All individuals had well developed ovaries, although deterioration and previous dissection 
of the specimens makes it impossible to provide accurate ovarian development indices or to 
establish which among them was mated. Three male and one female pupae, five fully grown 
larvae and an unknown number of smaller larvae and pollen balls were also found The female 
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pupa had the same head width as the largest adult female. These meager data are consistent with 
eusociality with poor ovarian suppression in the workers. 

T here is only this one species of Lasi&ghssum s.str. which may considered to be eusocial, 
and at least 6 are known to be solitary (Yaneoa, 1997) and so it is a priori probable that this 
represents a recent origin of eusociality (as also suggested by the high degree of ovarian 
development among the smaller adult females). Nonetheless, phylogenetic corroboration is 
needed There are currently no phylogenies for Old World Lasioglossum. However, McGinley 
(1980) has ptoduced a phytogeny tot the New World species, two of which (leucozonium and 
zonulum) are holarctic. Lasioglossum aegyptieUum belongs to the leucozonium group 
(Warncke, 1975; PESENKO, 1986). 

1 have added L. aegyptieUum to the phylogeny by looking at its states for the 48 characters 
m McGinley’ s (1986) data matrix. As expected, L aegyptieUum falls within the leucozonium 
group (Fig 6) based upon the synapomorphy of long male mandibles (a character which varies 
homoplastically elsewhere among New World species). 

As both L leucozonium (ATWOOD, 1933; STOCKHERT, 1933; Packer, unpublished 
observations) and L. zonulum (STOCKHERT, 1933, KNERER & ATWOOD, 1962; PACKER, 


|ABLK i T C S a ‘T 8 ncsU o (Lask Xtesm aegyptieUum. * mandible wear is scored from (J (unworn) to 6 (wont down io 
below the subapical tooth), wing wear is scored as the number of nicks in the vying margin, ‘tattered’' refers to the 
enure margin being abraded, yen' tattered refers to the entire margin worn away such that wing length cannot be 


Female 

Head width (mm) 

Wing length (mm) 

Degree of abrasion of* 
Mandible Wing 

1 

2.8 

6,9 

5 

tattered 

2 

2,7 

6.5 

3 

JO 

3 

2.7 

6.6 

3 

tattered 

4 

c 

2.7 

? 

2 

very tattered 

J 

2.6 

6.] 

5 

tattered 


unpublished observations) are solitary, as are all other Lasioglossum s.str for which data are 

available (Yanloa, 1997), it is clear that eusociality in L. aegyptieUum is a derived condition 
(Fig. 6). 

Taxonomic sampling ami Evylaeus. Packer (1991) provided a phylogeny of eight species 
of the subgenus Evylaeus based upon electrophoretic data Only one of the Included species was 
known to be solitary and, at that time, another was known to exhibit behavioral polymorphism. 

le results were unambiguous in demonstrating that the polymorphic species represented a 
recent reversal to solitary behavior in a montane population in Japan (Saxagami & Munakata, 
GG-) Whether solitary or eusocial behavior was ancestral to the subgenus as a whole remained 


Source: MNHN. Par/s 
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Fig, 6 — Phytogeny for three species in the leucozonium group of the genus Lasioglossum demonstrating that L- aegyptieltum 
has recently evolved sociality Data from McGinley (1986) with additional information for L , aegyptiellum which has 
indent] cal character states to those ofL, zomihim for all characters used by McGinley that could be assigned character 
states unambiguously. 



fulvtcome 

boreale 

trfdnctum 

new species 

comagenense 

pauxilfum 

marginatum 

cinctipes 

caiceatum 

atbipes 

laticeps 

finearv 

malacburum 


Fig. 7 — Phytogeny for some species of the subgenus Evylaeus based upon a total evidence analysis (redrawn Irom Taylgr : 
1994). For c to do gram shading refer to legend for figure 3. 
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undetermined, partly because the outgroup contained both solitary and social species. Note that 
the fact that only one purely solitary species could be included in the analysis biased the result in 
tavor of finding that eusociality is ancestral: with only one solitary species in the ingroup and 
ambiguity as to the outgroup' condition it is not possible to optimize solitary behavior as 
ancestral, this indicates the importance of taxon sampling when incomplete phylogenies and 
behavioral information are available Inclusion of the behavioral data into the data matrix used in 
phylogenetic analysis made no difference to the tree topology although Cl and RJ were reduced 
(Packer, unpublished). 

In order to resolve this situation additional information was required for taxa dose to the 
root of the tree. Several North American species are allied with L. (E.) futvicorne (SvENSSON ei 
«/., 1977) and so some of these (and other species) were sampled and added to the phyiogeny by 
Taylor ( 1994). In this case the results differ depending upon whether the behavioral data are 
used in tree construction or not. T he behavioral data considered appropriate to include in the 
phylogenetic data matrix are those that do not vary within species. Thus, whether queen and 
worker size distributions overlap or not, whether fewer than one percent of the workers mate or 
not and three nest architectural variables were included whereas solitary versus eusocial 
behavior, multiple foundress associations and the number of worker broods were not included as 
these three features are attributes which vary within taxa. One species (L. (E.J cinctipes) changes 
position between electrophoretic and total evidence analyses. The latter approach is preferred 
both philosophically (Kluge & WOLF, 1993 ) and empirically: total evidence places this taxon in 
a more reasonable position as judged by synapomorphies of the male genitalia (Packer, 
unpublished data) 

Four equally parsimonious trees were obtained with the total evidence data set with lengths 
of 1*.5, Cl of 0 84 and RI of 0.77 One round of successive approximations character weighting 
reduced the number of trees to three and the tree statistics stabilized at the second round to a 

length of 850, Cl of 0,94 and RI of 0.92. The resulting Nelson consensus tree is shown in 
figure 7. 


Mapping behavior onto the total evidence phyiogeny (Fig. 7) leads to the following 
conclusions i) Solitary behavior is ancestral in Evyiaeus with eusociality arising in the 
pauxittum malachurum clade and also, as delayed eusociality (in which founding females become 
queens in their second year of life after their first brood daughter(s) overwinter), in the lineage 
leading to comage nense ij) Social polymorphism is ancestral to the aibipeslcalceatum species 
pair (see Plaii.aUX-Quenu, 1989, 1993 for data on the former species), (social polymorphism - 
with delayed eusociality and solitary behavior is also known from eomagenense and it's sibling 
species / (E.) frateUum (VON DER HEIDE, 1992; FIELD, 1996)). iii) It remains probable that the 
perennial societies of L. marginatum are derived from an annually eusocial ancestral condition 
However, given the increasing documentation of delayed eusociality (a phenomenon which 
requires unusually detailed held work). This last conclusion may need to be revised This is 
because delayed eusociality is clearly a likely intermediate condition between annual and 

perennial colony cycles and it seems to occur, at least as a polymorphic attribute fairly 
commonly. 1 J 

As there are many more species in this subgenus that remain unknown behaviorally, a more 
broadly based phylogenetic study is required. Once a more complete phyiogeny including more 
o 1 e taxonomic diver sity in E\yiaeus is available, it should be possible to predict which taxa 


Source: MNHN, Pans 
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should be studied in the field in order to narrow down more closely the precise phylogenetic 
position of the origins of eusociality in these bees. 

The genus Dial ictus. Many species in this subgenus are known to be social and many 
solitary (PACKER, 1992, 1994; Wctslo et «/., 1993). These small bees are morphologically 
monotonous and very difficulty to identify, let alone analyze phylogeneticaliy. Nonetheless, 
molecular approaches to Dialictns phylogeny are underway (Danforth, persona! 
communication). At present, it is not possible to say anything about the phylogenetic 
interrelationships among those Dialictns species whose behavior has been studied. Nonetheless, 
it appears highly likely that recent transitions from solitary to eusocial behavior (as well as the 
reverse) can be documented within Dialictns. 

The genera Augochlorella and Augoehlora. A recent phylogeny of genera of the tribe 
Augochlorini demonstrates that the genera containing eusocial species form a monophyletic clade 
(Fig. 8, DANFORTH & Eickwort, 1997) Augochlorella is the sister group to the remaining 
genera and one of its species, A. striata , is behaviorally polymorphic at the northern edge of its 
range (PACKER et a/., 1989; Packer, 1990) but only eusocial further south in New York 
(Mueller, 1991) and Kansas (Ordway, 1966). As i) the Augochlorini are largely tropical 
American, ii) only 3 genera reach temperate North America, iii) A. striata achieves a higher 
latitude than any other species and iv) other species of Augochlorella are eusocial (Yanega, 



Fig. 8 . — Phylogeny of genera of augochfonne b^es (redrawn from Dakforth & Ejcswort, 1997). For cladogram shading, 
refer t» legend for figure 3, Note dial for simplicity a ciade of eight genera'subgenera, die sister group to the lineage 
containing die eusocial taxa, is replaced here simply bv the Wlegalopia clade" Also, there are ail additional 13 
genera/subgenera more basal lo the portion ol the plivlogenv shown here Redrawn from f ,'anm ir l it <& EiCKWt >rt 
(1997}, 


1997), it seems safe to assume that the solitary aspect of this locally polymorphic species is the 
derived condition and is presumably the result of the short summers experienced at the northern 
latitude on the edge of the species' range (Packer, 1990) 

The subgenus Augoehlora includes the solitary wood-nesting A. pura (STOCKHAMMER, 
1966). It is dearly nested well within the eusocial clade of augochlorines and thus is an example 
of the loss of eusociality. 


SqurceLjiiNHN, Pans 
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DISCUSSION 

It is now no longer acceptable to make statements concerning the pattern of evolution in 
some characteristic of interest without reference to a phylogeny that corroborates that pattern 
(Grandcolas et a/., 1994). It is also clear that the incorporation of phylogenetic tests of the 
polarity oi evolutionary change in specific characters often overturns dearly held convictions 
based upon a priori common sense biological "knowledge”. This paradigm shift influences not 
only classifications (the original arena for the application of phylogenetic results) but also 
evolutionary scenarios 

Cladistic methods provide a means of testing hypotheses of character evolution. If the 
results indicate that the direction of evolutionary change in the character of interest differs from 
that traditionally held, then a lot of effort which would have been misdirected can be refocussed 
and events which actually happened can be investigated, rather than patterns which arose only as 
a result of the preconceived notions of biologists. However, the utility of phylogenetics goes 
much further than this. Particularly for the more speciose groups of organisms, basic biological 
data are generally not available for all species yet the sparse information that does exist can be 
placed within a phylogenetic framework. If a phylogenetic analysis includes taxa for which 
information on the feature of interest is not available, the results may indicate clearly which taxa 
occupy crucial transitional positions in the phylogeny and are thereby those which should be 
studied in the field If both phylogenetic and behavioral/ecological information are fairly 
complete, then mapping the traits of interest onto the phylogeny will permit the pattern of 
evolutionary change(s)in the characteristic of interest to be discovered. Thus, in addition to 
ai mg in the interpretation of field research, through the establishment of polarity, phylogenetics 
can help us frame testable hypotheses as to how evolutionary changes took place and, through 
resolution o important areas ot the cladogram, suggest to us which species are deserving of 
it er study. Thus, 1 would argue that phylogenetics is even more fundamental to many areas of 
biology than is statistics; whereas statistics can tell us how to design experiments and analyze 
teir resuts, phylogenetics can tell us precisely what changes have occurred in evolutionary 

listory and winch characteristics in which organisms are worthy of farther study in the field or 
laboratory. 

, „ ln this P a / er 1 have P [otted evolutionary changes between the character states “solitary” 
an eusocial tor all groups of Halictine bees for which suitable information is available For the 
6 genera/subgenera studied (no phylogeny is available for Dialictus ), the solitary species are 
clearly derived from eusocia! ancestors for four of them (Halictus, Seladoma , Augochlore/la 

rrS!\ Ch n a l Here a [ e f ? Ur behaviorall y Polymorphic species known from among these taxa 
T , e “ , an or eaci them, solitary behavior is likely the recent evolutionary innovation, 
us, with respect to my first question: “what are we studying?” any comparison of solitary and 
eusocial behavior within polymorphic species or between monomorphic species in these four 
genera would be analyzing those factors that promote solitary behavior. 

In Evykteus all the primarily or purely eusocial species included here share eusociality from 
a common ancestor. This represents a switch from solitary to eusocial behavior within Eyylaeus 
a ougi tie number of species derived from the social common ancestor is quite large. 
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Phylogenetic study of this subgenus also indicates that two of the behaviorally polymorphic 
species have solitary behavior as the recent evolutionary innovation The remaining change to 
eusociality in Evylaeus occurs in the comagenemelfratellum species pair, both of which are 
behaviorally polymorphic within single populations which exhibit solitary, semisocial and delayed 
eusocial behaviors (von DER Hkjdk, 1992: Field, 1996). This is probably a comparatively recent 
evolutionary change. Thus, comparisons among comagenense, fratellum and their solitary 
relatives could address the question of origins of delayed eusociality In the genus Lasioglossum, 
the only known eusocial species represents a recent evolutionary origin of eusociality. 

Thus, with respect to my second question ‘'what should we be studying?” the following 
research directions are suggested. First, phylogenetic and behavioral studies of additional species 
in the L leucozonium group would be desirable. Secondly, further phylogenetic and behavioral 
studies of relatively basal lineages within Eiylaeus would be useful Thirdly, phylogenetic 
analysis of behaviorally known Omlictus species may be particularly important. Furthermore, if 
research on the origins of eusociality is to be done, the genera Halicius and Seladoma , and the 
tribe Augochlorini (and vespine wasps, apine bees and ants) are best ignored. 
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